In this way, subject-centered reason is replaced by systems rationality. As a result, the critique of reason carried out as a critique of metaphysics and a critique of power, which we have considered in these lectures, is deprived of its object. To the degree that systems theory does not merely make its specific disciplinary contribution with the system of the sciences but also penetrates the lifeworld with its claim to universality, it replaces metaphysical background convictions with metabiological ones. Hence, the 1 Luhmann alternates between this meta-biological model using concepts of functional differentiation and structural coupling for the explanation, and a meta-theological one where meaning seems to be given transcendentally as a substance analogous to life (Luhmann, 1986) . The meta-theological metaphor is pursued by Luhmann by grounding his theory on the operation of the distinction (that is, on a paradox). The first distinction is then Lucifer's breaking away from God as the devil (Luhmann, 1990, at pp. 118 ff.) or, in other words, the problem of the Theodicy, that is, the origin of evil in the world (Leibniz, [1710 (Leibniz, [ ] 1962 .
conflict between objectivists and subjectivists loses its point. (Habermas, 1987, at p. 385) .
In other words, Habermas appreciates Luhmann's distinction between psychic and social systems, but he challenges us to bring the critique of metaphysical issues (of providing meaning to events in a dialectics) back into this metabiological perspective that processes meaning without intentionality, that is, as a scientistic objectivation.
How can one think both these metaphysical and metabiological perspectives? I submit that the mathematical perspective can help bridge the gap between the meta-biological and the meta-physical perspectives without resolving the tension between the two. An additional degree of freedom can be specified and then used for the reflection. This reflection is different from the substantive reflections, since it is formal, that is, yet without meaning, and therefore cannot substantively support the construction of a meta-level. The additional axis which is used for the reflection is only spanned at ninety degrees and not as a mirror at 180 degrees. Consequently, this formal reflection is not 'meta'-that is, at a next level-but it remains 'epi': the added dimension opens a space of alternative possibilities for recombining the substantive dynamics in the previous communications of meaning. The historical operation of the system remains substantive.
I shall turn to Husserl's (1929) Cartesian Meditations for epistemological specification and foundation of this reflection in intersubjectivity. The Cogito of Descartes and Shannon's mathematization of uncertainty provide us with tools to understand the uncertainty in communication as a cogitatum, that is, a subject of doubt. The mathematization of anticipation (Dubois, 1998; Rosen, 1985) enables us to relate the uncertainty at each moment of time with expectation and anticipation over time without having to resort to a single-that is, undifferentiated-transcendentality.
A system of social relations can be specified as a cogitatum which transcends individual minds but remains structurally coupled to them as their distribution. An individual mind cannot specify this system without entertaining a discourse. However, its possibility can fruitfully be hypothesized. A program of empirical studies and simulations can thus be formulated.
Anticipation, uncertainty, and the intentionality of communication
Both Luhmann and Habermas make references to Husserl's reflections on intersubjectivity (Husserl, 1929 (Husserl, , 1936 (Husserl, , 1962 Derrida, 1974) . It has been claimed in the literature (Schutz, 1952, at p. 105; cf. Habermas, 1981, at p. 178f.; Luhmann, 1995, at p. 170 ) that Husserl failed to ground the concept of 'intersubjectivity,' but I follow Luhmann's (1995) interpretation that this was never Husserl's argument or intention.
The locus classicus for the alleged failure of Husserl is Alfred Schutz's (1952) study entitled 'Das Problem der transzendentalen Intersubjektivität bei Husserl' (The problem of intersubjectivity with Schutz, 1975 (Schutz, 1975, at p. 72 ). grounding of intersubjectivity in a 'we,' for example, when he went on to say: 'As long as man is born from woman, intersubjectivity and the we-relationship will be the foundation for all other categories of human existence.' (ibid., at p. 82). (1637) category of the cogito. In addition to oneself as the subject of doubt, one can also raise the question of the substance about which one is in doubt, that is, the cogitatum: the external referent or the subject of one's doubting.
For Descartes this cogitatum could be distinguished only negatively from the cogito as that which transcends the contingency of one's cogito at each moment of time.
From this perspective, the Other in the act of doubting is defined as God. God transcends the contingency of the cogito, and therefore one can expect this Other to be eternal. While the cogito knows itself to be mortal and incomplete, God as the Other is necessarily complete. Because of His completeness, the world as His creation is given to us transcendentally. According to Descartes, it would contradict the completeness of God (not to mention His veracity) if the transcendental dimension of the world were a continuous deception. This ex ante correspondence between our ideas and experiental uncertainties was elaborated by Leibniz (1695) into the idea of an harmonie préétablie. Leibniz ( 3 1966, at p. 272) acknowledged that this idea has the status of a hypothesis among other possible arrangements, but entertaining this hypothesis was the only option for explaining the perfection of Nature as God's creation (Leydesdorff, 1994, at p. 36) . Kant agreed with this superior likelihood of Language can then be considered as a first-order ('natural') medium for the communication. However, the noesis abstracts from everyday language by adding the reflexivity of the knowing subject who can remain aware of his/her intentionality in 4 In the terminology of the 17 th century, the issue was formulated in terms of how the substances communicate. Descartes distinguished between two substances: matter (res extensa) and thought (res cogitans). In the Catholic religion the two are mediated in the miracle of transubstantiation. But how can the mind know about the world using scientific reasoning about uncertainties? Leibniz (1695) assumed an a priori correspondence originating from God's creation. Others (e.g., Huygens) argued that one has to distinguish analytically between mathematical clarity and experimental uncertainty. Hypotheses then can be tested (Huygens [1690 ], 1888 -1950 Elzinga, 1972, at p. 37) . From our sociological perspective, the question remains of what generates the hypotheses? Are these individual ideas, transpersonal mathematics, or intersubjective discourses? For Leibniz these three possible sources of variation were harmonized at a single (transcendental) origin (Leydesdorff, 1994) . The evolutionary dynamics among these three dimensions were addressed from philosophical perspectives by Popper (1972) and Hull (2001) , among others. 5 I leave the relation with Spinoza's philosophy out of consideration here. For Spinoza, all structure is transcendental and therefore within God. This leads to pantheism. 5 communicating. Note that this awareness accompanies the expression in communication at a level which remains 'epi' rather than 'meta.' By using language one is able to relate meanings to one another, but within language the world is resurrected as an architecture in which the words additionally can be provided with a position as concepts. This cogitatum can only be grasped by a reflexive agent in an intentional performance analogous to capturing the operation of one's own cogito. Husserl emphasized that the substance of the social system ('intersubjectivity') is different because one knows it ex ante as transcending the domain of the individual. The study of this new domain would provide us with 'a concrete ontology and a theory of science' (ibid., at p. 159). However, Husserl concedes that he has no instruments beyond the transcendental apperception of this domain and therefore he has to refrain from empirical investigation:
We must forgo a more precise investigation of the layer of meaning which provides the human world and culture, as such, with a specific meaning and therewith provides this world with specifically "mental" predicates. (Husserl, 1929, at p. 138 ; my translation).
Intersubjectivity precedes objectivity in the world (ibid., at p. 160) because the world is represented within it, for example, by using language. Phenomena remain an instantiation. First, the experience of the phenomenological world may be common sense (for example, using natural languages), but the meanings provided to what is represented can further be codified as in scientific discourse. Thus, the system is grounded in inter-subjective knowledge that is generated historically within the system.
The order of priority itself changes with Husserl's reflection: the cogitatum provides a necessary condition for the cogito, although the latter remains a historical condition for the former. Husserl used the word 'rooting' for the historical origins, but he emphasized that the intentionality develops in the present. As noted, Husserl was not able to specify the 'mental' predicates which he hypothesized other than as an analogy to the categories of philosophical reflection within the cogito. However, the mathematical theory of communication provides us with the categories for studying communications in terms of uncertainties, and the theory of anticipatory systems provides us with categories for studying their evolution. 6 First, Shannon's (1948) theory of communication can be elaborated for systems which communicate in more than a single dimension at the same time (Leydesdorff, 1995; Theil, 1972) . Human language can be considered as the evolutionary step that enables us to communicate both (Shannon-type) information and meaning. Meaningful information can be distinguished from Shannon-type information as an interaction term between these two layers of processing (Leydesdorff, 2003) . However, meaning is provided from the perspective of hindsight. Thus, the arrow of time is locally inverted. This can be modeled using Rosen's (1985) theory of anticipatory systems.
Although Rosen's model was developed within theoretical biology, the model can be made more general by mathematization in terms of incursive routines (Dubois, 1998; Leydesdorff, 2005) . The incursive operation is recursive: some meanings can be provided with meaning in a scientific discourse and thus be further codified.
Two anticipatory mechanisms at a systems level can co-evolve hyper-incursively into a strongly anticipatory system (Leydesdorff, forthcoming) . The one anticipation is contained, for example, in the demarcation of scientific communications from differently coded ones (e.g., on the market), and the other precedes differentiation and is inherent to specifying meaning among human beings using language. Thus, the formal and informal layers of communication are always intertwined. However, they can be distinguished analytically. The analytical dimensions abstract from the observable world. One might say that the models provide us with a 'genomenology' in which we are able to specify the 'genotypes' as analytically different routines without a one-to-one relation with observable phenomena. The models remain our constructs in language and noesis.
Husserl's phenomenology and the social genomenologies
The formal perspective of mathematics which abstracts from the contents of respective models enables us to think of inter-subjectivity as an interaction effect grounded in an inter-textuality or even an inter-disciplinarity among perspectives.
Phenomena can be expected to contain interaction terms among the genomena. The subdynamics of the genomenological organization of the complex system can first be abstracted analytically from the substantive categories that have been made available to us in the positive sciences (e.g., variation and selection) by appreciating these Note the emphasis on 'anticipating imagination.' The positive sciences (e.g., biology) tend to begin with observations, but in sociology this approach has led to positivism.
On the basis of a priori decisions, the stabilization of facts would then be given priority over the meanings of these facts. This generates only one perspective among other possible ones. When this configuration is reflected, observations in the past can be turned into expectations about the future provided that a code in the communication is stabilized for making the inference.
Sociological specification is neither able nor allowed to forget that the 'facts' contain meanings and thus already imply a perspective. This double perspective is the very subject of methodological reflection in the discipline. Next-order, symbolic, and global horizons can be expected to resonate within hitherto stabilized meanings.
Further reflections bring the meanings and the tensions among them to the fore.
Meanings can be subjective and/or intersubjective. Intersubjective meanings can further be codified, for example, by using symbolically generalized media of communication in addition to everyday languages. For example, science can be considered in a sociology of science as the specific subsystem of communication in which truth-finding operates as a symbolically generalized medium of communication.
The meaning of intersubjectivity could be specified by Husserl only from the perspective of the subjective cogito, but nevertheless as a genomenon-a monadethat transcends the individual cogito. Other authors, e.g. Levinas (1953 Levinas ( , 1963 , have argued in favor of the foundation of intersubjectivity in the relation with the other human being ('Thou') as a transcendental instance. In sociology, however, the contingent other provides an instance of a double contingency, while the configuration can modulate this relation as a third source of the uncertainty. Three sources of uncertainty can no longer be envisaged within a single metaphor. Since the metaphors are then no longer 'natural,' the systems under study tend to become visible as knowledge-based constructions that remain under reconstruction.
In summary, the knowledge-based system remains the result of the intentionality of the carriers, but this is not a sufficient condition for the emergence of an order of expectations at the systems level. The groupings and the interactions of weak anticipations in social formations need first to be developed into a differentiated communication structure that contains another asynchronicity and, therefore, potential incursion endogenously. Insofar as this second incursion resonates with our weak anticipations and predictions, the intersubjectivity can become an interobjectivity.
This remains always a matter of degree because the strongly anticipatory system coconstructs our future on the basis of organizational formats that are entertained in knowledge-based representations.
Because of the expectation of incompleteness and fragmentation of the codifications in the differentiated system, the formal reflection cannot guide us as a grandiose metatheory. However, it is available and needed at the epi-level (that is, around) to increase the clarity of the substantive reflections. Simulations inform expectations in quasi-experiments in measuring the knowledge bases of historically stabilized systems. The models no longer need to be 'history friendly' or grounded in the evolutionary metaphor of survival. The emerging knowledge base is not a living system, but a social system. It rests like a hyper-network on the networks on which it builds. As a hypercycle, the knowledge-based subdynamics transform 'the ship while a storm is raging on the open sea.' In the resulting economy this reconstruction is no longer a mission only for the scientists involved (Leydesdorff, 2006) . The matching of knowledge-based anticipations and innovative reconstruction on this basis has been woven into the complex dynamics of the social system and its economy as one of its coordination mechanisms.
Conclusions
I argued that Husserl's (1929) specification of intersubjectivity as a phenomenological cogitatum raises the question about its explanation. The cogitatum as cogitatum is not readily given, but it can be specified as an expectation. Shannon's (1948) mathematical definition of communication in terms of the expected information content of distributions and Rosen's (1985) definition of an anticipatory system as a system which entertains a model of itself, open the social system as a domain for investigation containing self-referential communications and potentially selforganizing control mechanisms. Luhmann (1984) formulated substantive hypotheses regarding this domain such as its potential to self-organize the communication when the symbolically generalized media of communication are functionally differentiated.
The non-linear dynamics of meaning-processing in social communication are complex since composed of several sub-dynamics. In addition to the functional differentiation, Luhmann (1997) specified a differentiation among interaction, organization, and self-organization. Organization can then be considered as the retention mechanism of the self-organization of communication. Without organization the uncertainty would no longer be historically controllable, and therefore the system would no longer be able to build evolutionarily on previous stages.
Stabilization and globalization of meaning-processing (over time) can be expected as genomena of communication in addition to variation and selection. Both layersinformation-processing and meaning-processing-can be expected to operate with this full set of four sub-dynamics: variation, selection, stabilization, and globalization (Leydesdorff, 2001) . Unlike information-processing, however, meaning is provided from the perspective of hindsight and thus against the axis of time. The production of probabilistic entropy within meaning-processing can therefore be negative. This remains an empirical question (e.g., Leydesdorff et al., 2006) . Furthermore, the algorithms for the study of anticipatory systems in terms of incursive and hyperincursive routines, enable us increasingly to specify expectations about the non-linear dynamics of expectations (Dubois, 1998 (Dubois, , 2000 Leydesdorff & Dubois, 2004; Leydesdorff, 2005 and forthcoming) . For the first time in history, it seems that we thus have sophisticated theory and advanced methods for examining the substance of social communication, that is, the processing of meaning. return
